556-559; Starck, 1940, pp. 618-620; Barnikol, 1952, pp. 382-384; Zusi, 1962, p. 47; Bock, 1964, pp. 19-22) , explaining its action, with some variations, as follows: the ligament is a virtually unstretchable band running from the cranium to the mandible and attaching anterior to the quadrate articulation, where the ligament provides a fulcrum around which the lower jaw pivots (see fig. 2 ).
The depressor mandibulae rotates that portion of the lower jaw lying As the lower jaw opens, the quadrate is pushed forward and the upper jaw is raised.
behind the attachment upward and forward, rocking the quadrates forward and thereby protracting the upper jaw. The important point is that the lower jaw pivots about the ligamentary attachment rather than about the quadrate articulation as is commonly stated. Bock (1964) has explored the significance of the postorbital ligament and has presented a number of hypotheses about avian kinesis that will be discussed below. Bock (1964) Angle of the Depressor Mandibulae Zusi (1959) (1964, pp. 16, 17) disagreed, saying that the only point of relevance was whether or not the pull of the depressor had a component directed forward along the axis of the lower jaw, and he pointed out that such a forward component would diminish or disappear as the lower jaw was depressed. In addition, he indicated that any analysis of muscle angle should include the postorbital ligament when it is present. Here I shall present such an analysis in detail because it is of considerable importance for understanding adaptations of the kinetic mechanism, whereas the effect of muscle angle on a simplified system of weightless and frictionless levers as presented by Zusi (1959) and Bock (1964, pp. 16, 17) is probably irrelevant to the situation in the avian jaw, even in birds lacking a postorbital ligament.
To explain the relationship between the postorbital ligament and motion of both jaws through force analysis, it is necessary to discuss two important variables diagrammed in figure 6: first, the relative lengths of the segments from the mandibular attachment of the postorbital ligament to the center of rotation of the jaw articulation (A) and from the ligament's attachment to the insertion of the depressor mandibulae (B); and second, the angle of the depressor mandibulae in relation to its neutral axis. Bock (1964, p. 17) Zusi (1959) is thus strengthened by the above analysis although the explanation originally proposed was incorrect.
In species lacking a functional postorbital ligament, any structure that resists depression of the lower jaw will cause protraction of the upper jaw through forces similar to those diagrammed in figure 6 but only in proportion to the amount of resistance offered by the structure. probably seldom has a bearing on jaw motion in birds, I shall discuss it briefly because it has been mentioned in the literature. If the struts and hinges of the model shown in figure 8a were weightless and frictionless, the effect of muscle angle would probably be that described by Bock (1964, p. 17) (1964, p. 18) (1961, pp. 18, 19) explained the coupling action of the jaw articulation in detail and concluded that independent motion of the two jaws in the hornbill Rhinoplax vigil was impossible because the rami had no lateral flexibility.
I believe, however, that the flexibility necessary for independent depression of the mandible exists in Rhinoplax because even in a dried skull it is easy to depress the lower jaw by pressing on the retroarticular processes. When the kinetic mechanism is immobilized in the dried skull, the rami nevertheless readily spread apart during depression of the mandible.
It is probable that the conformation of the jaw-quadrate articulation played a role in protraction through the depressor mandibulae in the evening grosbeak (lacking a postorbital ligament) and in the chicken after removal of the postorbital ligament ( fig. 4) Beecher, 1953, pp. 302, 318) , but the elucidation of the adaptive radiation within these groups remains a challenge for the anatomist.
Evolution of the interlocking jaw articulation.-Bock (1964, (1964, pp. 25-31) fig. 13 ). The upper jaw thereby rotates about a shorter radius than the lower, and the tomial edges can be opposed in a greater variety of ways than would be possible otherwise, especially if the upper jaw can be retracted below the resting position as discussed by Beecher (1951b, p. 413) and Yudin (1965, p. 68 ).
Bock (1964, pp. 23, 24) raising the depressed mandible to its resting position, the bird retracted its upper jaw below the resting position with the result that only the tips of the jaws were touching and the gap between the bases of the jaws was clearly visible. Herons have the postorbital ligament well developed and are also "coupled" through the jaw-quadrate articulation. It thus appears that retraction of the upper jaw beyond the resting position is one of the capabilities of avian kinesis.
Its importance lies in the potential for increased diversity of manipulation by the bird's beak.
In studying the functional significance of the palatine process of the premaxilla, Bock (1960) 
